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Description 

Gas turbine and rotor blade for a turbomachine 

5 The invention relates to a rotor blade for a turbomachine, in 
particular for a gas turbine, in accordance with the preamble 
of claim 1 and to a gas turbine in accordance with claim 8. 

Gas turbines coupled to generators are used to convert fossil 
10 energy into electrical energy. For this purpose, along its 
rotor shaft a gas turbine has a compressor, a combustion 
chamber and a turbine. During operation, the compressor draws 
in ambient air and. compresses it. Then the compressor air is 
mixed with a fuel and fed to the combustion chamber, where the 
15 mixture is burnt to form a hot working medium which flows into 
the turbine, which is connected downstream of the combustion 
chamber and in which blades and vanes are provided. The guide 
vanes, which are secured to the housing of the turbine, divert 
the working medium onto the rotor blades secured to the rotor, 
20 so that they set the rotor in rotary motion. The rotational 
energy of the rotor which'" is taken up in this way is then 
converted into electrical energy by the generator coupled to 
the rotor. 

25 The rotor blades of the gas turbine are exposed to mechanical 
stresses, in particular caused by centrifugal force. In 
particular under the action of the high temperatures of the 
working medium, cracks may form in the blade material, 
shortening the service life of the rotor blades. Long-term 

3 0 stresses can then lead to crack growth. Under the loads which 
are present, the blade then fails, with the blade fracturing or 
fragments becoming detached. This can lead to damage to the 
blades and vanes located downstream as seen in the direction of 
flow of the working medium. Crack formation and 
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crack propagation therefore needs to be monitored at regular 
servicing intervals. 

US 6,490,791 has described a method in which in a service 
5 process cracks in the trailing edge of a turbine blade are 
eliminated by cutting back the trailing edge. The aerodynamic 
losses caused by the shortening of the trailing edge are kept 
at a low level by subsequent rounding of the blade profile. 

10 JP 2000018001 shows a rotor blade for a gas turbine in which 
notches extending in the radial direction are introduced at the 
stripping edge. This leads to a reduction in the thermal 
stresses in this region. 

JP 10299408 shows a gas turbine guide vane which in the 
transition region from platform. to vane profile has elliptical 
relief notches, the main axis of which is oriented transversely 
with respect to the main stressing direction, in order to avoid 
crack growth. 

It is an object of the invention to specify a blade of a 
turbomachine having an increased service life. A further object 
of the invention is to specify a gas turbine having a blade of 
this type. 

According to the invention, the object relating to a blade is 
achieved by the features of claim 1 . Advantageous 
configurations are given in the subclaims. 

30 The solution provides for the relief slot to be arranged in the 
region of the trailing edge at that end of the main blade 
profile which faces the platform region, to extend through the 
main blade profile from the suction side to the pressure side 
and to have a longitudinal extent which is oriented 

35 substantially transversely with respect to the direction of 
flow of the flow medium. 
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The invention is based on the discovery that cracks are often 
formed at the trailing edge of the main blade profile, in the 
region near to the platform, and under ongoing stresses these 
cracks grow in the direction of the leading edge of the main 
5 blade profile. The crack propagation in the axial direction, 
i.e. in the direction of flow of the flow medium, is 
effectively limited by the slot, which is to be considered here 
as an elongate opening, the longitudinal extent of which is 
larger by a multiple than its transverse extent. 

10 

It is preferable for the leading edge to be spaced apart from 
the trailing edge along a profile chord having the chord length 
A. In this case, the relief slot is provided at a distance of 
at least 90% of the chord length from the leading edge. This 
15 favorable position means that cracks which form in the axial 
direction starting from the trailing edge have a maximum and 
negligible length of 10% of the chord length. 

In an advantageous configuration, the main blade profile has a 

2 0 blade height which extends perpendicular to the profile chord. 

In its longitudinal extent, the relief slot has a length which 
is in the range from 5% to 10% of the blade height. Since the 
region at the trailing edge of the rotor blade which is at 
particular risk of cracking lies in the region close to the. 
25 platform, the cracks which form there will mostly end at the 
relief slot. 

In a preferred refinement, the end of *the relief slot which 
faces the platform region is at a distance of from 5% to 10% of 

3 0 the blade height from the platform region. 

If the relief slot is rounded at the end of its longitudinal 
extent, stress peaks are avoided in the surrounding blade 
material, so that new cracks do not form and grow from there. 
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If the relief slot is filled with a filler material which has a 
coefficient of thermal expansion which is less than or equal to 
that of the blade material, the filler material does not cause 
any compressive stresses in the blade material in the event of 
5 thermal stressing of the blade. The presence of a compressive 
stress of this nature in the blade material would promote 
unfavorable crack growth. Furthermore, pressure losses in the 
flow medium through an open relief slot are avoided. 

10 If the filler material is a solder, this solder can be 
introduced into the relief slot at lower temperatures than the 
temperatures which are required to produce the rotor blade. It 
is in this way possible to avoid recrystallization of the blade 
material . 

15 

It is expedient for the trailing edge of the rotor blade to be 
uncooled. The trailing edges of rotor blades with open cooling 
usually have a multiplicity of film-cooling openings which 
extend in the axial direction and cool the trailing edges. If a 
20 large open relief slot of this type, from which cooling air 
emerges, were to be provided instead of film-cooling openings, 
an excessive pressure loss in the cooling air could occur in 
the blade, which would then promote the penetration of hot gas 
into the rotor blade. Therefore, it is preferable to provide 

2 5 for the use of an open relief slot for rotor blades with an 

uncooled trailing edge. 

It is particularly advantageous to provide relief slots in the 
case of single-crystalline or directionally solidified turbine 
30 rotor blades, which on account of their smaller grain 
boundaries in the blade material are more prone to crack 
formation than conventionally cast blades. Accordingly, in 
particular here it is important to limit the crack propagation. 

3 5 The object relating to the gas turbine is achieved by the 

features of claim 8. 
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The invention is explained with reference to a drawing, in 
which: 



10 



15 



Figure 1 
Figure 2 
Figure 3 



shows a rotor blade according to the invention 
for a turbine, 

shows a gas turbine in the form of a 
longitudinal part-section, and 

shows the rotor blade with a rounded relief 
slot. 



Figure 2 shows a gas turbine 1 in the form of a longitudinal 
part-section. In its interior, it has a rotor 3 which is 
mounted such that it can rotate about an axis of rotation 2 and 
is also referred to as the turbine rotor or rotor shaft. An 
intake housing 4, a compressor 5, a toroidal annular combustion 
chamber 6 with a plurality of coaxially arranged burners 7, a 
turbine 8 and the exhaust-gas housing 9 follow one another 
along the rotor 3 . 



20 An annular compressor duct 10, which in cross section narrows 
in the direction of the annular combustion chamber 6, is 
provided in the compressor 5. At the combustion chamber exit of 
the compressor 5 there is arranged a diffuser 11 which is flow- 
connected to the annular combustion chamber 6. The annular 

2 5 combustion chamber 6 forms a combustion space 12 for a mixture 
of a fuel and compressed air. A hot-gas duct 13 arranged in the 
turbine 8 is flow-connected to the combustion space 12, with 
the exhaust-gas housing 9 being arranged downstream of the hot- 
gas duct 13. 

30 

Blade and vane rings are arranged alternately in the compressor 
duct 10 and in the hot-gas duct 13. A guide vane ring 15 formed 
from guide vanes 14 is in each case followed by a rotor blade 
ring 17 formed from rotor blades 16. The stationary guide vanes 
35 14 are connected to a guide vane carrier 18, whereas the rotor 
blades 16 on the rotor 3 are connected by means of a disk 19. 
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While the gas turbine 1 is operating, the compressor 5 sucks in 
air through the intake housing 4 and compresses it in the 
compressor duct 10. Air L provided at the burner end of the 
compressor 5 is passed through the diffuser 11 to the burners 
5 7, where it is mixed with a fuel. The mixture is then burnt to 
form a working fluid 20 in the combustion space 10. From there, 
the working fluid 2 0 flows into the hot-gas duct 13. The 
working fluid 20 is expanded at the guide vanes 14 arranged in 
the turbine 8 and at the rotor blades 16 in such a manner as to 
10 transfer its momentum, so that the rotor 3 is driven, and with 
it a generator coupled to it (not illustrated) is likewise 
driven. 

Figure 1 shows a hollow rotor blade 16 according to the 
15 invention for a turbine 8, having a rotor blade root 23, on 
which a platform 21 is integrally formed. The platform 21 is 
followed by the main blade profile 24, around which a working 
fluid 20 flows. As seen in the direction of flow of the working 
medium 20, the main blade prof ile . 24 extends from a leading 
20 edge 25 to a trailing edge 26. Two blade walls extend from the 
leading edge 25 to a trailing edge 26, at which they converge, 
to form a suction side 27 and a pressure side 28. A relief slot 
30 is provided in the region of the trailing edge 26, in the 
region 29 close to the platform. The relief slot 30 has a 
25 length L and is at a height distance Z from the platform 21. 
The profile chord S of the main blade profile 24 extends from 
the leading edge 25 to the trailing edge 26 with a chord length 
A. 

30 The relief slot 30 is arranged in the rear region close to the 
trailing edge 26, so that it is at a distance B of at least 90% 
of the chord length A from the leading edge 25. 
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The main blade profile 24 has a height H. The length L of the 
relief slot 3 0 is in the range from 5% to 10% of the height H 
of the main blade profile 24. The distance Z from the relief 
slot 30 to the platform 21 is likewise in a range from 5% to 
5 10% of the height H of the main blade profile 24. 

On account of the thermal stresses acting on the rotor blade 
16, and in particular the high centrifugal forces, cracks may 
form in the main blade profile 24, in particular in the region 
10 of the trailing edge 26. These cracks grow from the trailing 
edge 2 6 in the direction of the leading edge 25, in particular 
in the region 29 close to the platform, since the centrifugal 
forces are highest there. A crack of this type is illustrated 
in Figure 1 and denoted by reference numeral 31. 

15 

From the point of formation 32, the crack 31 grows in the 
direction of the leading edge 2 5 and ends at the relief slot 
30. Further growth of the crack 31 is prevented by the relief 
slot 30. Accordingly, damage to the gas turbine 1 is avoided 

20 and service intervals are shortened, since fewer defective 
turbine rotor blades need to be exchanged during a ^ servicing 
process. It is particularly advantageous to provide relief 
slots 30 in single-crystalline or directionally solidified 
turbine rotor blades 16, which on account of their smaller 

25 grain boundaries in the blade material 34 are more susceptible 
to the formation of cracks. Since the cracks 31 end in the 
relief slot 30, it is possible to prevent a critical crack 
length from being exceeded. 

30 Figure 3 shows various embodiments of relief slots 30. The 
elongate relief slots 30 are arranged in the region of the 
platform 21 close to the trailing edge 2 6 and have differently 
shaped rounded portions 3 5 at the ends of their longitudinal 
extent . 
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Figures 3a and 3b show the relief slot 3 0 in the shape of a 
bone. In Figure 3c, the relief slot 3 0 is in the shape of an 
elongate hole. The width of the relief slot 30 is in each case 
only 15% to 2 5% of its length L. 

5 

In Figure 3c, the relief slot 30 is filled with a filler 
material 33. The filler material 33 prevents working fluid 20 
from flowing from the pressure side 28 to the suction side 27, 
which entails losses. 

10 

To avoid further stresses in the blade material 34, the filler 
material 33, for example a solder, has a coefficient of thermal 
expansion which is less than or equal to that of the blade 
material 34. 

15 

The main blade profile 24 of the rotor blade 16 including the 
filled relief slot 3 0 could also be covered with a protective 
layer. The protective layer may in this case be an overlay 
layer, which is predominantly composed of the chemical elements 
2 0 MCrAlY, where M stands for Fe, Ni, Co. In addition, . the 
protective layer could comprise a ceramic as thermal barrier 
coating. 



